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ABSTRACT 
This study was conducted to describe an exposure of tills and correlate them with the known sequence of 
tills elsewhere. The Dobmeier pit is a large spring discharge site approximately 3 miles west of Park River, 
North Dakota (Edinburg Quadrangle, T157N, R56W, Sec. 23, 1/4SE, 1/4NW, 1/4SE). It is between 50 
and 75 meters across and 15 to 20 meters deep. It is located on the east edge of the Edinburg Moraine 
and the south side of the Park River valley. Exposed at the base is a cross-bedded sand and gravel unit. 
Above is a compact gray till, which is separated by a relatively thin, discontinuous sand lens. Overlying the 
gray till is a much less compact, yellow brown till. Above the upper till are lenses of cross-bedded sand 
then a tan, jointed, silty unit; above this the A and B soil horizons are developed in shaley sand and 
gravel. The pit walls were photographed, sketched and samples collected at 1 meter intervals in the tills 
and at either side of the contact of the gray and yellow-brown till. Colors of the samples were described 
using the Munsell Soil Color Chart. Texture was determined by the NDGS hydrometer and sieve method . 
The coarse sand fraction was then divided into four lithologic groups; shale, carbonate, crystalline, and 
other. The lower till is very dark grayish-brown to dark olive gray in color. The normalized texture is 34+5 % 
sand, 45+5 % silt, and 21+3 % clay. The normalized coarse sand lithology is 51+7 % shale, 24+6 % 
carbonate, and 26+5 % crystalline grains. The upper till is yellowish-brown to brownish-yellow and olive 
brown in color. The normalized texture is 40+20 % sand, 45+21 % silt, and 15+ 1 % clay. The normalized 
coarse sand lithology is 47+7 % shale, 26+6 % carbonate, and 27+1% crystalline grains. The results of 
this analysis were compared to previous descriptions of tills of the region. The lower unit compares well 
with the Dahlen Formation. The till of the Dahlen Formation was deposited by a glacier that moved in from 
the northwest in Late Wisconsinan time, about 12,000 y~ars BP. Stratigraphically, the upper till is most 
likely the Falconer Formation of which the Edinburg Moraine marks the western extent. The Falconer 
Formation was deposited in latest Wisconsinan time by a readvance of the same glacier that deposited the 
Dahlen Formation before 11,000 years BP . 
PURPOSE 
The first major goal of this project was to contribute knowledge and ideas to th e 
regional stratigraphy and glacial history of northeastern North Dakota. Standard 
methods were used to describe glacial tills. The results reported here were applied to 
the known glacial stratigraphy and history of northeastern North Dakota . 
The second major goal was to provide a learning experience through a project 
that encompasses fieldwork through the steps of lab analysis, tabulation and 
interpretation of results, and finally yielding a document that summarizes the study . 
BACKGROUND 
Physiographic Setting 
Samples were taken from one study site, located in central Walsh County, North 
Dakota (Figure 1 ), approximately 5 kilometers west of the town of Park River along 
Walsh County Highway 17. The site is a few hundred meters north of the highway on 
the southern edge of the Park River valley and the eastern edge of the Edinburg 
Moraine (Edinburg Quadrangle, T157N, R56W, Sec. 23, 1/4SE, 1/4NW, 1/4SE). In the 
vicinity of the site the topography is gently rolling to flat with the crest of the moraine 1-
2 kilometers to the east. The Park River has cut a valley 30 to 60· meters below the 
crest of the moraine (Figure 2). 
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Figure 1. Map showing location of study site and line of stratigraphic cross-
se·ction (Figure 4) (adapted from Salomon, 1975) . 
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Previous Work 
Quaternary sediment in northeastern North Dakota is comprised predominantly 
of glacial drift of the Coleharbor Formation. In Nelson and Walsh Counties the 
Coleharbor Formation is Oto 190 meters thick (Bluemle, 1971 ). It overlies Mesozoic 
and Precambrian rocks (Bluemle, 1971 ). Salomon (1975) provided a more detailed 
division of the stratigraphy of the Coleharbor Formation as shown in the stratigraphic 
cross-section of northeastern North Dakota (Figure 3 and Table 1 ). Late Wisconsinan 
units most relevant to this study are the Dahlen Formation and the overlying Falconer 
Formation. Both fo rmations are mostly glacial tills, separated in some areas by the 
Wylie Formation, which is composed of lake bottom sediments (Salomon, 1975). The 
western extent of the Falconer Formation is the Edinburg Moraine (Clayton and Moran, 
1982). The Dahlen Formation extends farther south and west (Clayton and Moran, 
1982). Table 1 shows characteristics of the Dahlen and Falconer Formations and 
others in the Coleharbor Formation in northeastern North Dakota . 
The Study Site 
The study site is a spring discharge pit, located on Gerald Dobmeier's land . 
The pit is a horseshoe-shape feature with the open end to the north at the Park River 
valley. It is between 50 and 75 meters across and 15 to 20 meters deep. Much of the 
bottom is very soft to quick where water is active ly discharging; the remainder of the 
bottom is hidden by trees and other riparian vegetation . The water discharges from 
the head of the pit, forms a few small pools near the open end, and flows as a small 
stream approximately 0.5 kilometer north into the Park River. Three exposures in the 
walls of the pit yield an excellent view of the geology. These occur at the east, west, 
and south walls. Between the exposures, the walls of the pit are less steep, vegetated, 
and actively sliding and slumping. The remainder of the walls are actively slumping . 
Stratigraphic relationships at the Dobmeier Pit are shown on the stratigraphic cross-
section (Figure 3) . 
The south exposure was studied in the most detail (Figure 4) . Exposed at the 
bottom is a unit of cross-bedded sand and gravel (6-7 meters thick), from the base of 
which the spring discharges. Above this is a very dark grayish-brown to dark-olive 
gray till (7 meters thick}, separated approximately halfway by a sand lens. The sand 
lens is not traceable beyond the south exposure. Overlying the lower till is a much 
less compact, yellowish-brown to brownish-yellow till (2-3 meters thick). The contact is 
gradational and irregular. Above the upper till are lenses of cross-bedded sand, then 
a tan, jointed, silty unit (1-1 .5 meters thick). Topmost, the A and B soil horizons are 
developed in shaley sand and gravel (0.5-1 meter thick) . 
FIELD METHODS 
Fieldwork was done in late August and early September 1995. The first trip was 
for reconnaissance. During the second trip sketches were made of the pit and al l the 
exposures of the walls; characteristics of the exposures were noted and 
measurements taken of the units. Further detailed study was concentrated only on the 
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Figure 3. Stratigraphic cross-section of Pleistocene formations in northeastern 
North Dakota. Datum is the top of unit A - base of Gardar Fm. Location 
shown on Figure 1 (from Salomon, 1975) . 
Mcanc: Mean8 
Number grain coarse-sand Average 
Pebble8 of size (%) lithology(%) thickness 
Formation Color Structure lithology sameles (Sd-St·Cl) (Cy-Cb-Sh) (feet) Extent 
Falconer" Olive gray Unbedded , Cb>Cy>Sh 73 ' 31-49-20 46-36-24 20-40 N.E. N.Dak. 
friable 
Wylie" Olive gray laminated No pebbles 0 Silty clay 5·10 N.E.N. Dak. 
N.W. Minn. 
Dahlen" Olive gray Unbedded, 
friable 
Sh>Cy>Cb 111 35-45-20 31-21 -48 10-30 E.N. Oak. 
Gardar" Olive gray Unbedded, ShP-Cy~Cb 98 35-43•22 13 ·9·78 40-70 E. N. Oak. 
blocky 
Lower Red Olive gray Unbedded, Cb>CyP-Sh 15 42-39-19 43.54. 3 30-60 N.E. N.Dak. 
Lake Falls blocky N.W. andW. 
central Minn . 
Unit 1 Olive gray UnbcJJed, hard CbP-Cy>Sh 6 32-48-20 32-67- 1 10-30 N.E. N. Oak. 
"Unit A Olive gray Unbedded, Sh>Cy~Cb 39 34-37·29 21-17-62 40-80 N.E. N. Oak. 
hlocky 
Unit B Olive gray Unhedded, Cb>Sh>Cy 24 35-37-28 25-21 -54 30-60 N.E. N. Dak. ' 
friable 
Unit C Olive gray unbedded, hard Ch>Sh>Cy 11 30-32-38 29-30-41 30-40 N.E. N. Oak. 
Unit D Olive gray Unbe<ldeJ , hard Ch>Cy>Sh 7 28-34-38 35-44-21 10-40 N.E. N. Oak. , 
"Formation cropping out in northeastern North Dakota . 
8 Cy=Crystalline, Cb=Carbonate, Sh=Shalc. 
c:Sd=Sand, St=Silt , Cl=Clay. 
-----
Table 1 Descriptions of Pleistocene formations in northeastern North Dakota (from 
Salomon 1975) 
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approximately every 1 meter and at either side of the contact of the upper an lower 
tills. Samples were not collected from the sand lens, but above and below. even 
samples were collected in the lower till and three in the upper. Each samples position 
was measured from the base of the lower till. Approximately 1-2 kilograms o 
sediment were collected at each location with the surficial wall material remo ed to 
expose fresh material. The main features and geology of the pit were thorou hly 
photographed, as well as the till at the sample locations . 
LABORATORY METHODS 
Color of moist samples was described using the Munsell Soil Color C art under 
fluorescent lighting. Textural analysis was carried out using the North Dakot 
Geological Survey hydrometer and sieve method (Perkins, 1977). The coar e sand 
fraction (1-2 mm mean diameter) was sorted into four lithologic groups using a 
binocular microscope. The groups were shale, carbonate, crystalline, and ot er. The 
"other" category covers miscellaneous clasts, such as dark microcrystalline f agments 
of non-carbonate rock, a few shells, and common aggregates. The aggrega es are 
cemented clay to sand particles. One coarse sand lithology analysis was do e for 
each sample, whi le two textural analyses were done for each sample except for 
sample numbers 1, 8, 9, and 10. Due to mistakes in the first analysis these amples 
weren't completed. The results of the two analyses for the other samples w re 
comparable. Sample number 4 was a random sampling of pebbles from the lower 2 
meters of the lower ti ll. No analysis was done on this. The percentages wer 
calculated, charted, and averages and standard deviations determined from average 
values of each sample location . 
RESULTS 
Raw data are reported in Appendix I. Color, normalized texture (perc ntages by 
weight excluding gravel, for sand, silt, and clay), and normalized coarse sa d lithology 
(percentages not including the "other" category), for each sample are report d in Table 
2 . 
INTERPRETATION 
Samples 1, 2, 3, 5, 6, 7, and 8 were defined as belonging to the lowe till, based 
on stratigraphy, color, texture, and coarse sand lithology. Samples 9, 10, a d 11 were 
defined as belonging to the upper till, based on stratigraphy and color . 
The standard deviations of the lower till are small compared to that of the upper 
till, especially for sand and silt, which are plus or minus 20 and 21 percent, 
respectively. From the data (Table 2) it can be seen that moving vertically u ward from 
sample number 9 to number 11 the sand content decreases from 67 percen to 35 
percent to 19 percent. The silt percentages increase from 17 percent to 50 ercent to 
67 percent for sample numbers 9, 10, and 11 , respectively. The clay perce tages stay 




Texture (Percent by Weight) Coarse Sand Llthology (Percent 
Sample Height Af:>ove Color Normalized by Count) Normalized 
Number Till Base (m) Munsell Description Sand Silt Clay Shale Carbonate Crystalline 
Upper Till 11 9.8 lOYR 5/8 Yellowish-Brown 19 67 14 37 35 29 
lOYR 5/4 Yellowish-Brown 
10 8.9 lOYR 5/6 Yellowish-Brown 35 50 16 51 23 26 
9 7.9 lOYR 6/8 Brownish-Yellow 67 17 15 52 21 27 
2.5Y 4/4 Olive-Brown 
Averages 40 45 15 47 26 27 
Standard Deviation 20 21 1 7 6 1 
(X) Lower Till 8 6.9 2.5Y 3/2 V. Dk. Grayish-Brown 37 49 15 45 33 22 
7 5.9 2.5Y 3!2 V. Dk. Grayish-Brown 40 40 20 45 28 27 
6 4.9 2.SY 3(2 V. Dk. Grayish-Brown 28 47 25 54 25 21 
5 4.3 5Y3(2 Dk. Olive-Gray 42 38 20 42 23 35 
3 2.6 , SY 3(2 Dk. Olive-Gray 31 47 22 52 24 24 
2 1.6 2.SY 3(2 V. Dk. Grayish-Brown 31 48 21 61 15 25 
1 0.3 SY 3/2 Dk. Olive-Gray 30 49 21 55 20 25 
Averages 34 45 21 51 24 26 
Standard Deviation 5 5 3 7 6 5 
Table 2. Summary of characteristics of the samples and tills at the Dobmeier Pit. 
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In Figures 5 and 6 the textures of samples from the lower and upper ti Is are 
plotted and compared to tills described by Salomon (1975) using ternary dia rams. In 
Figure 6 the sample numbers refer to the table in Appendix I. Salomon's G rdar, 
Dahlen, and Falconer Formations all have approximately the same texture a the 
lower till and the average of the upper till. Figures 7 and 8 show the coarse and 
lithology plotted from Salomon's data and the lower and upper tills. Both of he tills 
from this study fall in the same general area on this diagram and they coinci e most 
closely with the Dahlen Formation (Salomon, 1975). 
Salomon's Dahlen Formation is olive-gray in color (Table 1 ), similar t the lower 
till which is very dark grayish-brown to dark olive-gray (Table 2). Salomon's Falconer 
Formation is also olive-gray (Table 1 ). In contrast, the upper till is yellowish- rown to 
brownish-yellow with a little olive-brown (Table 2). 
Although the upper till from this study is different in physical characteri tics from 
reported units, it fits stratigraphically as the Falconer Formation with the lower till as the 
Dahlen Formation. This stratigraphy also fits spatially. The Falconer Forma ion should 
be the uppermost till on the east edge of the Edinburg Moraine (Salomon, 
1975)(Figure 1 ). 
Margin J (Clayton and Moran, 1982) marks the southwestern-most ext nt of the 
Dahlen Formation in North Dakota and shows correlated ice margins in the pper 
midwest (Figure 9). Margins Kand Lare the margins of intermediate minor 
readvances of the ice sheet which occurred before a major retreat into south rn 
Manitoba. During this retreat, sediments of the Wylie Formation were deposi ed . 
Margins J, K, and Lare younger than 12,025 + 205 BP (Clayton and Moran, 982). 
Margin M marks the western-most extent of the Falconer Formation at the E inburg 
Moraine, evidence of another readvance (Figure 10). Margin N marks extent of the 
last known advance into North Dakota. Margins Mand N are dated between 9570 + 
130 BP and 10,960 + 300 BP (Clayton and Moran, 1982). All dates are bas don 
radiocarbon dated wood. Figure 11 shows the ice sheet and marginal featu s in 
Nelson and Walsh Counties during the deposition of the Dahlen Formation ( fter 
margins J, K, and L) . Figure 12 shows the position of the ice during depositi n of the 
Edinburg Moraine in Walsh County (margin M) . 
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WOR 
The lower till described in this study is most likely the Dahlen Formati n 
deposited around 12,000 BP. The upper till is likely the ·Falconer Formation f which 
the Edinburg End Moraine marks the western extent. Deposition of the Falc ner 
Formation occurred around 11,000 BP . 
The results of this study are tentative because conclusions were draw. from 
one study site. A more extensive description of all the units should be done f the 
south exposure and the other exposures in the Dobmeier Pit should be done and the 
lateral extent of the units should be found. This will give clearer stratigraphic model of 
northeastern North Dakota and allow correlation with a current model of the outhern 
Red River Valley (Harris, in preparation). An excellent computer program de eloped 
by Harris of the Minnesota Geological Survey is being used to define tills an correlate 
them with units described by other workers. This program will further aid in eveloping 
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Figure 7. Coarse sand lithology of tills in northeastern North Dakota (plotted 
from data of Salomon, 1975). 
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Figure 9. Ice-margins in middle North America during Late Wisconsinan time 
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Figure I 0 . Ice-margins in middle North America during latest Wisconsin an 
time (see text for explanation) (from Clayton and Moran, 1982). 
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Late Wisconsinan time during the retreat that deposited the Dahlen Fm. (from 
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Figure 12. Glacial cover and features of Walsh County during latest 
Wisconsinan time, during depostion of the Edinburg Moraine. 
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a more refined glacial stratigraphy of the region and upper midwest. Further 
investigation into the specific depositional processes and environments of the units 
would add to knowledge and understanding of past glaciation. Such investigations 
might include excavating contacts, and conducting further textural as well as fabric 
analyses . 
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APPENDIX I 
Summary of Raw Data 
• • • • • • • • • • • • • • • • • • • • • 
• • • • • • • • • • • • • • • • • • • • 
Texture (Percent by Weight) Coarse Sand Lithology (Percent by Count) 
Sample hght above till 
Number base (m) IColor Gravel Sand Silt Clay Shale Carbonate Crystalline 'Other 
11-2 9.8 lOYR 5/8 2 17 68 13 31 29 I 24 16 -----11-3 9.8 lOYR 5/4 12 19 57 I 12 J 
17 I 32 10-2 8.9 lOYR 5/6 7 32 , 46 I 14 35 16 ! 
- 9-2 I 7.9 i lOYR 6/8 5 ,-64-1 16 I 14 1--34 _____ 14-1 ---+-----18 I 34 ---_ --L I 2.5Y 4/4_ l I I 
8-2 6.9 2.5Y 3/2 · 7 34 
1 
46 ' 13 , 29 
1 ! I 
i---2-l-~-15--'----3-5 -
~ 7---26- 1 --- - - - - ------ ---- -- ,--, 7-1 5.9 2.5Y 3/2 7 37 36 20 43 4 
- - - -- - - --- - - - - -
7-3 5.9 2.5Y 3/2 9 36 38 18 
- -- -=--=-:=-r- -- - - - -------
-~ _ 4.9 1 2.5Y 3/2 I 8 1 24 1 ~ 23 1 52 1 
---
24 20 i 4 
I -
! 6-3 -- _4.9 2.5Y 3El__ 7 _ 26 1 47 _ 21 J ---I_ -- --- ---
5-1 4.3 5Y 3/2 I 8 39 , 34 20 39 21 32 
--·-- ------
5-3 4.3 SY 3/2 8 39 36 18 












SY 3/2 I 6 
2.5Y 3/2 6 
-
2.5Y 3/2 5 




- --- -- --· ---- --
31 I 44 19 
30 44 20 60 14 
29 46 20 p--- - + --- ----- - ---
29 47 I 20 ! 53 19 24 . - - - - -----
-- - - --- - -- - --
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APPENDIX II 
Raw Data Sheets 
TEXTURAL ANALYSIS • • •  Batch Designation *'® Gravel ~. S5~ Sand 'Ji >lo Silt 4 f,} 4 Clay l j , r % 
=•kerNumber 
e Sample Designation 
• ,: 
•  A) Total Sample Weight 
• e B) Gravel + Envelope ____._4..L-• ..,,_j-.,c.), ___ _ 
I• 
: C) Gravel Envelope _-_-.:J..;_, -=E.,__.j _ __ _ 
• e D) Weight of Gravel ___,_! ._G_( ___ _ 
• B-C • :e Corrected Sample Weight 
• 1-2mm 
• F) Sand + Envelope • • • G) Sand Envelope 
• 
• H) F-G 
• •  I) Weight of Sand 
• e J) Hydrometer . ··· --
• Reading 
Temperature 
Time Set Up 
Time to Read 
Hydrometer 
< lmm 
l4. G ct 
'),.c;3 
l) ,oc;-
• K) Calgon Hydrometer 
• Reading • ~ Weight of Clay 
• 
;;,, ~ b,~ 
4'-ff q,t) 
-K 
• M)Weight of Silt • E- I - L • 
~ ? 3,£5" (.9{._,.. 
ft} q l ;,O ): >C>;3Q a. er . 
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